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Explain in detail about Tractive effort and Transmission requirement. 10 [CO2 | L2













2 |Discuss the concept of Hybr1d Electric Drive Trains and also list the HEV modes 10 |CO2 | LI
of operatlon










Detailed explanations about Parallel Hybrid Electric Drive Trains with their
erits and demerits.
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Explain in detail about configuration of electric vehicles.
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Explain the architectures of Hybrid Electric drive trains.
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‘What are the different battery parameters? Explain in briefly?

BATTERY PARAMETERS Batery {Lowd
INTERNAL VOLTAGE [ °—jr -
The battery internal voltage (E,) appears at the - YE, :

battery terminals as open circuit voltage when there is no .
load connected to it. L—. _J

The internal voltage or the open circuit voltage (OCV) depends on the
state of charge of the battery, temperature, and past discharge/charge history
(memory effects) among other factors.

TERMINAL VOLTAGE

Battery terminal voltage (V,)is the voltage available at the terminals when
a load is connected to the battery. The terminal voltage is at its full charge
voltage VFC when the battery is fully charged

V,=E, - IR,

BA“ERY VO I-TAG E Battery Load

a) INTERNAL VOLTAGE '_'V"};’" T
The battery internal voltage (E,) appears at the , DE L f;ﬁ,‘

battery terminals as open circuit voltage when there is no 1 <
load connected to it. [— _J
The internal voltage or the open circuit voltage (OCV) depends on the

state of charge of the battery, temperature, and past discharge/charge history
(memory effects) among other factors.

b) TERMINAL VOLTAGE

Battery terminal voltage (V,)is the voltage available at the terminals when
a load is connected to the battery. The terminal voltage is at its full charge
voltage VFC when the battery is fully charged

V,=E,- IR
- |

BATTERY CAPACITY
It determines for number of hours for which the battery can be discharged at a
constant current to a defined cutoff voltage.

It is represented by the S| unit (Amperes per second) but since this unit is usually
very small, the Ampere-hour (Ah) unit is used instead.

We know that a Coulomb is one amp in one second
Therefore 1 Ah =3600C.

The capacity of any battery depends on
1. The Ambient temperature
2. The Age of the battery
3. The Discharge rate.
Higher the discharge rate, the lower the capacity, although it affects each
battery technology differently.

Additional to the Ampere-hour unit, the storage capacity can also be defined in
Watt-hours (Wh=V x Ah), where 1 Wh = 3600 J.

|
BATTERY CAPACITY

For Example:
if the battery is rated with a capacity of 20 Ah, Then the battery can deliver

1A for 20 hrs.
2A for 10 hrs.
5A for 4 hrs.
10A for 2 hrs.
20A for 1 hrs.

05A for 40 hrs
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DISCHARGE RATE (C RATE)

It is a measure of the rate at which a battery is discharged relative to its maximum
capacity. The notation to specify battery capacity in this way is written as C_, where x is the
time in hours that it takes to discharge the battery.

For Example:
If the capacity of a battery is C= 100 A h.
Then,
C
For a discharge rate of _ or Cg
s ]
. . 100 Ah
The rate of discharge is B— 20A
b ]
Similarly
: C
For a discharge rate of o8 ,2C, Cy 5
i ) 100 Ah
The rate of discharge is T 200A

STATE OF CHARGE (SOC)

The state of charge (SoC) represents the present capacity of the battery. It is the
amount of capacity that remains after discharge from a top-of-charge condition
For Example:

It gives the ratio of the amount of energy presently stored in the battery to the
nominal rated capacity.

For example,
If a battery is at 80% SOC and with a 500 Ah capacity, the energy stored (available) in
the battery is 400 Ah.

ENERGY EFFICIENCY
It is defined as the ratio of electrical energy supplied by a battery to the amount of
electrical energy required to return it to the state before discharge.

DEPTH OF DISCHARGE (DOD)
The depth of discharge (DoD) is the percentage of battery rated capacity to which a
battery is discharged.

In many types of batteries, the full energy stored in the battery cannot be
withdrawn (in other words, the battery cannot be fully discharged) without causing serious,
and often irreparable damage to the battery.

The Depth of Discharge (DOD) of a battery determines the fraction of power that
can be withdrawn from the battery. If the DOD of a battery is given by the manufacturer as
25%, then only 25% of the battery capacity can be used by the load.

For example:
A battery of 500 Ah capacity with a DOD of 20% can only provide
500Ah x 0.2 = 100 Ah.
A battery of 500 Ah capacity with a DOD of 50% can only provide
500Ah x 0.5 = 250 Ah.




BATTERY ENERGY
The Energy stored in a battery depends on its voltage, and the charge stored. The SI
unit is the Joule, but this is an inconveniently small unit, and so we use the Whr instead.

ey e

....... In Wh
We know that 1 Ah is equivalent to 3600 C, therefore
Energy in Watt-hours (Wh) x 3600 = Energy in Joules, i.e.,Watt-seconds.

For example:
The energy stored in a battery of 500 Ah capacity with a terminal voltage of 12V
E =12 x 500 = 6000Wh or 6KWh.

ENERGY DENSITY
Energy density is the amount of electrical energy stored per cubic metre of battery
volume and is typically expressed in Wh / m3.

SPECIFIC ENERGY
The specific energy of a battery is a measure of how much energy a battery contains
in comparison to its weight, and is typically expressed in Watt-hours/kilogram (Wh/kg).

SPECIFIC POWER

Specific power is the amount of power obtained per kilogram of battery and is
typically expressed in Watt / kilogram(W/kg). It is a highly variable and rather anomalous
quantity, since the power given out by the battery depends far more upon the load
connected to it than the battery itself.

+ BATTERY LIFE SPAN
Various factors influence the life cycle of a battery. You could give EV batteries a life
cycle of 8 years or 160,000 km. Some factors affecting the life span of the battery are
* The purpose of the battery
* Operating conditions
* The depth of battery discharge

Explain details about Lead acid and Lithium-ion batteries.

TYPES OF BATTERIES USED IN EVs w—

-

* Lead-Acid Batteries DForce
¢ Lithium-ion batteries

* Lithium—Polymer (Li—P) Battery

= Lithium-lon (Li-lon) Battery PPN
* Nickel-based Batteries

* Nickel/lron System

= Nickel/Cadmium System

* Nickel-Metal Hydride (Ni-IMIH) Batt
* Ultracapacitors

LEAD ACID BATTERIES

= These are the oldest type of battery, formulated in 1859 and
still being used. They are recyclable.

* Lead-acid batteries are only currently being used in electric
vehicles to supplement other battery loads.

. These batteries are high-powered, inexpensive, safe, and
reliable, but their short life span of 3 years and requires
inspection of electrolyte levels. and poor cold-temperature
performance make them difficult to use in electric vehicles.

* There are high-power lead-acid batteries in development, but the batteries now are
only used in commercial vehicles as secondary storage.

= Considering it is made from lead they are heavy. They provide sufficient energy of 25-
50% of the vehicle’s total mass.
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L!THIUIVI ION BATTERIES

Lithium ion (li-ion) battery, the name may sound familiar, these
batteries are also used in most portable electronics, including cell
phones and computers.

* Lithium ion (li-ion) batteries are now considered to be the
standard for modern battery electric vehicles.

* Compared to other mature battery technologies, li-ion offers
many benefits. For example,
* It has excellent specific energy (140 Wh/kg) and energy
density, making it ideal for battery electric vehicles.

* Li-ion batteries are also excellent in retaining energy, with a
self-discharge rate (5% per month.

LITHIUM-ION BATTERIES

* However, li-ion batteries also have some drawbacks as well.
* Very expensive battery technology.

* Major safety concerns regarding the overcharging and
overheating of these batteries.

* Li-ion can experience a thermal runaway, which can trigger ; Ao
vehicle fires or explosions leading fluctuating charging or & \ 4
damage to the battery. & q
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